Introduction
The development of coronary heart disease is attributed to several risk factors such as high serum cholesterol concentration, low serum high density lipoprotein cholesterol concentration, smoking, hypertension, and diabetes.' 2These risk factors, however, seem to explain only half to three quarters of the variation in the incidence of cases of coronary heart disease in most industrialised societies.' 2 Thus important risk factors seem not yet to have been identified.
There is evidence that acute viral infections and influenza-like illness may precipitate myocardial infarction in susceptible people.' Special attention has been given to infections with coxsackieviruses, which affect the myocardium and coronary arteries.46 Bacterial infections have also been incriminated in the aetiology of both coronary heart disease and stroke.76 Based on a clinical impression that chronic dental infections are common among patients with acute myocardial infarction we carried out two separate casecontrol studies in which we investigated the dental health of patients with acute myocardial infarction and controls selected from the community at random.
Subjects and methods
Two series of patients with acute myocardial infarction and controls were investigated. The without the dentist knowing whether the subject was a patient or control. Each person was given scores according to the severity of the dental disease (table 1) . The arithmetic sum of the scores formed the "total dental index." The index ranged from zero to 10, increasing with the severity of the disease. After the initial dental studies pantomographs were re-examined blind. The sum of the number of periapical lesions, lesions caused by tertiary caries, vertical bone pockets, radiolucent areas at the furcation, and lesions caused by pericoronitis formed the "pantomography index."
Laboratory analyses-Serum total cholesterol concentrations were determined enzymatically.9 High density lipoprotein was isolated from plasma by ultracentrifugation'°and the high density lipoprotein cholesterol concentration determined. Serum C peptide concentration was determined by radioimmunoassay." Statistical methods-Sample proportions were Interrelations between the risk factors were assessed with stepwise logistic regression analysis. 12 Because the two dental indexes used to assess dental state were strongly correlated they were included separately in the analysis. Presence of diabetes and the serum C peptide concentration were treated similarly. Correlations between the dental indexes and between the total dental index and social class were expressed by Spearman's rank correlation. (46) 35 (58)** 20 (33) No (%) of former smokers 8 (20) 11 (27) 14 (23) 12 (20) No (%) with hypertensiont 10 (25)** 1 (2) 22 (37) 20 (33) No (%) with diabetest 1 (3) (10) tThe 25th and 75th centiles of the distribution are given in parentheses.
Significance of difference between controls and patients for each series separately: **p<0-01; ***p<0-001. 5p= 0-055.
Results Table II shows the demographic characteristics and values of conventional risk factors of the study groups. Smoking was more common among these with acute myocardial infarction, and they had lower concentrations of high density lipoprotein cholesterol and higher serum concentrations of triglycerides and C peptide than the controls in both series. Hypertension was more common among the patients than the controls in series.' The differences in the prevalence of clinical diabetes and in the distribution of social classes between patients and controls were not significant. Serum total cholesterol concentration was not associated with myocardial infarction. In fact, the mean cholesterol concentration in series2 was higher in the controls than the patients.
As expected the total dental index and the pantomography index were highly correlated (r=0-69, p<0001), suggesting that the non-blind assessment of the total dental index was not biased. The two indexes were significantly higher (reflecting worse dental health) among patients than controls in both series (table III) . Table IV shows the results of the stepwise logistic regression analysis, done to determine whether the association between coronary heart disease and poor dental health was independent of the other risk factors of coronary heart disease measured. Both dental indexes were tested with age; concentrations of total cholesterol, high density lipoprotein cholesterol, triglycerides, and C peptide; hypertension; presence of diabetes; and smoking habit. Inclusion of social class in the analysis only slightly influenced the regression coefficients of the dental indexes. The results were similar when the two series were analysed separately and when the data were pooled.
The total dental index correlated significantly with BMJ VOLUME 298 25 MARCH 1989 social class (r=025; p<0001), the subjects in the lower classes having worse dental health. To exclude the possibility that the difference observed in dental indexes between patients and, controls was due to selection bias associated with social class we examined the social class distribution among patients, respondent controls, and non-respondent controls. The nonrespondents more commonly belonged to higher social classes (p<005), whereas no differences were observed between patients and respondent controls (table II) . Thus social class, which was probably the most important potential confounding factor, did not seem to influence our results.
Discussion
In two separate case-control series patients with acute myocardial infarction had worse dental health than controls matched for age and sex. Several possible explanations for this should be considered. Firstly, dental caries and ischaemic heart disease share several common aetiological factors-for example, low socioeconomic state,81'3 smoking, diabetes, and resistance to insulin. 2 IS7 Secondly, subjects who take care of their dentition may also be concerned about other aspects of their health, including a lifestyle conducive to coronary heart disease. The relation between dental health and acute myocardial infarction, however, remained significant even after adjustment for age, social class, hypertension, serum lipid and lipoprotein concentrations, smoking, presence of diabetes, and serum C peptide concentration (which reflects resistance to insulin).
A link between dental caries and ischaemic heart disease could also derive from diet. Two dietary constitutents, sucrose and fluoride, deserve attention. High consumption of sucrose is considered to be an important factor in the aetiology of caries,8 and sucrose has also been incriminated in the development of atherosclerosis.'9 Data from recent epidemiological studies, however, do not support the hypothesis that high consumption of sucrose is related to the development of ischaemic heart disease. 20 The role of fluoride as a protective agent against dental caries is firmly established. Studies with animals have suggested that supplements of fluoride may also prevent aortic calcification induced by deficiency of magnesium." Epidemiological data on the role of deficiency of fluoride in the development of atherosclerosis are, however, conflicting. Though some studies have suggested an inverse relation between the prevalence of ischaemic heart disease and the fluoride content of drinking water, the bulk of the evidence does not support such a relation.29 Thus low intake of fluoride probably would not explain the connection between poor dental health and coronary disease found in this study.
The mechanism by which dental infections could influence the development of myocardial infarction remains unknown. Occlusive thrombus attached to atherosclerotic plaque is the most common cause of acute myocardial infarction. Bacterial components affect endothelial integrity,2429 metabolism of plasma lipoprotein,26 blood coagulation,228 and the function of platelets and their synthesis of prostaglandin,"9 30 all of which are factors that influence the progression of atherosclerosis and the processes triggering myocardial infarction and sudden death in subjects with coronary disease.3' 82 Many of these changes are mediated by the endotoxin associated with certain Gram negative bacteria, but other mechanisms must also play a part. On the other hand, little is known about the long term effects of chronic low grade bacterial infections, such as dental caries or periodontitis, on atherosclerosis and its complications. Gram negative bacteria containing endotoxin are also important factors in the course of periodontal infections." Thus the possibility that bacterial endotoxin or similar factors may be related to the association between myocardial infarction and dental health observed in the present study cannot be excluded.
Our observations indicate that dental caries or periodontal disease, or both, is morc common among patients with acute myocardial infarction than among controls matched for age and sex. More prospective studies in various populations are, however, needed to confirm the association and to elucidate its nature. 
